Formation of compact colonies of Staphylococcus aureus in serum-soft agar is mainly a result of a reaction between protein A and the Fc-part of immunoglobulin G and not a clumping factor-fibrinogen reaction.
Staphylococcus aureus cultivated in serum-soft agar produces two morphologically distinct colony types, compact and diffuse (3) . The serum-soft agar technique has been suggested as a means of screening for encapsulated S. aureus strains, since encapsulated strains grow in the diffuse manner (21-25, 28, 29) . The factor in rabbit serum responsible for producing compact colonies has not been investigated in detail, but compactness has generally been attributed to a reaction between the clumping factor and degradation products of fibrinogen (14, 21) .
It is now well known that S. aureus producing protein reacts with the F-part of immunoglobulin G (IgG) in normal sera (4, 5, 7) . This paper presents evidence that a protein A-Fe reaction can be detected when nonencapsulated S. aureus strains are grown in serum-soft agar and that this reaction is mainly responsible for the compacting action of normal serum in soft agar.
MATERIALS AND METHODS
Strains. S. aureus types Cowan I, Smith diffuse, Smith compact, Scott strain "M" (NCTC 10649) (18) , and Newman D2C were used. S. aureus Newman D2C was obtained from J. Hawiger, Vanderbilt University. The mutant of S. aureus type Cowan I lacking protein A (EMS 252) used in this report has been described earlier (6) . One (20) was applied to doubling dilutions of the material to be tested. The concentrations of protein A were determined by reference to a standard preparation of heat-extracted cell-bound protein A obtained from S. aureus, Cowan I, and highly purified by DEAE-Sephadex chromatography and gel filtration (9) .
RESULTS
Morphology of S. aureus in soft agar including serum or fibrinogen. Ninety-two of 100 S. aureus strains consecutively isolated in the routine department and subcultured approximately 10 times showed compact morphology in serumsoft agar with rabbit normal serum; eight were diffuse. When heat-treated serum was used, the strains formed compact and diffuse colonies as in the presence of normal serum. A high percentage of strains (84%) also showed compact morphology in soft agar containing fibrinogen in a concentration of 3 mg/ml. However, soft agar containing fibrinogen in lower concentrations showed a lower compacting capacity. When fibrinogen was added in a concentration of 0.4 mg/ml or less, only diffuse colonies were formed for all strains tested. The levels of fibrinogen degradation products in normal human serum are even lower: 0.6 to 2.6 pig/ml (11, 13 Table 2 shows the morphology of the investigated strains in soft agar containing IgG in relation to the protein A content of the strains. Strains with very low or undetectable protein A grew diffusely, strains with a moderate production of protein A mainly formed compact colonies, and strains with a high production of protein A grew compactly. Of strains with Tables 2 and 3 clearly show that the compacting action of serum in soft agar is mainly due to a protein A-Fc reaction and that diffuse colonies are formed by encapsulated S. aureus strains and also by strains with no or very low protein A production.
S. aureus strain Newman D2C slide test with fibrinogen and IgG. S. aureus, type Newman D2C, mainly used in the so-called staphylococcal clumping test for quantitation of human fibrinogen and its degradation products, proved to have a relatively high content of protein A: 750 to 3,000 ng/109 bacteria. When this strain was tested on slides in dilutions of human IgG or fibrinogen, agglutination and clumping, respectively, occurred with both at a dilution approximately 1:40 of the normal human serum level.
Thus the protein A-IgG reaction may interfere with the staphylococcal clumping test for fibrinogen, giving falsely positive or falsely high values. However, in sera with elevated levels of fibrinogen split products, the protein A-IgG reaction probably is of minor importance. .
DISCUSSION
Finkelstein and Sulkin (3) reported that staphylococci grown in soft agar containing normal human or rabbit plasma or serum form characteristic colonies. Coagulase-positive staphylococci grow as compact colonies whereas coagulase-negative staphylococci grow as diffuse colonies. The factor in serum and plasma giving compact growth was shown to be associated with the globulin fraction of serum and to be stable^at 56 C for 30 min. Serum from rabbits immunized with coagulase-positive strains of staphylococci was shown to have a higher capacity to produce compact colonies. The conclusion was that human and rabbit sera contain antibody-like factors capable of altering the colony morphology of most S. aureus strains.
Alami and Kelly (1) tested S. aureus in soft agar containing human or rabbit serum or plasma and found that 80% of S. aureus strains showed compact morphology. When 0.4% bovine fibrinogen was included in the soft agar, approximately the same percentage of compact colonies was formed. They concluded that the reaction in fibrinogen-soft agar is an expression of staphylococcal clumping factor. However, they found that plasma and serum are more effective than fibrinogen alone in producing compact staphylococcal colonies. They discussed a possible role of normally occurring antibodies in the compacting action of normal serum. Lipinski et al. (14) and Hawiger et al. (11) showed that fibrin lysates produced by plasmin digestion clumped S. aureus on slides and that fibrin monomer complexes within the lysate were responsible for the clumping reaction. Heating at 60 C for 10 min precipitated this fibrin monomer complex, thereby destroying the substrate for clumping factor. However, a reaction with immunoglobulins was not investigated.
In a recent series of papers, K. Yoshida and co-workers (21-29) investigated encapsulation of S. aureus by the serum-soft agar technique. They suggested that fibrinogen or its degradation products produce compact colonies in serum soft agar (21) . However, the experiments reported in this paper clearly show that a reaction between protein A and the Fc-part of IgG is mainly responsible for the formation of compact colonies in soft agar. More than 95% of staphylococcal strains producing high or moderate amounts of protein A formed compact colonies in serum-soft agar. The same result was obtained whether rabbit IgG or Fc-fragments of the globulin were incorporated in the soft agar. Strains producing little or no protein A formed diffuse colonies only with IgG or Fc. Six strains with compact growth in serum-soft agar were diffuse in soft agar including only IgG or Fcfragments. The discrepancy could be due to additional factors giving compact colonies in serum or due to altered reactivity with IgG in the preparation procedure. However, encapsulated strains of S. aureus producing high or moderate amounts of protein A also gave only diffuse colonies. The implication is that in encapsulated strains a reaction between protein A and IgG does not occur, probably because protein A is covered by a surface capsule. Yoshida and coworkers (26) 
